Fire regime, climate and logging impacts on soil carbon in fire-prone forests of S. E. Australia by Sawyer, Robert B
University of Wollongong 
Research Online 
University of Wollongong Thesis Collection 
2017+ University of Wollongong Thesis Collections 
2017 
Fire regime, climate and logging impacts on soil carbon in fire-prone forests 
of S. E. Australia 
Robert B. Sawyer 
University of Wollongong 
Follow this and additional works at: https://ro.uow.edu.au/theses1 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
Sawyer, Robert B., Fire regime, climate and logging impacts on soil carbon in fire-prone forests of S. E. 
Australia, Doctor of Philosophy thesis, School of Biological Sciences, University of Wollongong, 2017. 
https://ro.uow.edu.au/theses1/299 
Research Online is the open access institutional repository for the University of Wollongong. For further information 














 Table of Contents 
CERTIFICATION ........................................................................................................ II
STATEMENT OF CANDIDATE CONTRIBUTION .............................................. IV
ABSTRACT ................................................................................................................. VI
ACKNOWLEDGEMENTS ...................................................................................... VIII
TABLE OF CONTENTS ............................................................................................ IX
LIST OF FIGURES .................................................................................................. XIV
LIST OF TABLES .................................................................................................. XVII
1 GENERAL INTRODUCTION ............................................................................ 1
1.1 Introduction ....................................................................................................... 1
1.2 Carbon emissions and vegetation fires .................................................... 2
1.3 The importance of belowground flux ....................................................... 3
1.4 Manipulation of fire regime for organic matter sequestration ....... 4
1.5 Fire response traits in vegetation and community composition .... 6
1.6 Drivers of total soil carbon ........................................................................... 7
1.7 Charcoal as a component of soil carbon ................................................. 13
1.8 Charcoal analytical techniques ................................................................. 14
1.9 Fire history data ............................................................................................. 16
1.10 Summary of key issues, study questions and thesis structure ... 18
2 REFINEMENT OF THE KMD ANALYTICAL TECHNIQUE FOR 
RECALCITRANT PYROGENIC CARBON IN FOREST SOILS .......................... 21
2.1 Introduction ..................................................................................................... 21
2.2 Method ............................................................................................................... 22
2.3 Results ............................................................................................................... 27
2.4 Discussion......................................................................................................... 29
2.5 Conclusion ........................................................................................................ 30
3 FIRE INTENSITY DRIVES POST-FIRE TEMPORAL PATTERN OF SOIL 
CARBON ACCUMULATION IN AUSTRALIAN FIRE-PRONE FORESTS ...... 31
3.1 Introduction ..................................................................................................... 33
3.2 Methods ............................................................................................................. 36
3.3 Results ............................................................................................................... 42
3.4 Discussion......................................................................................................... 48
3.5 Acknowledgements ....................................................................................... 54
4 SOIL CARBON IN AUSTRALIAN FIRE-PRONE FORESTS 
DETERMINED BY CLIMATE MORE THAN FIRE REGIMES. ......................... 56
4.1 Introduction ..................................................................................................... 56
4.2 Methods ............................................................................................................. 59
4.3 Results ............................................................................................................... 65
4.4 Discussion......................................................................................................... 70
4.5 Acknowledgements ....................................................................................... 75
5 IMPACTS ON MINERAL SOIL C AND N FROM FIRE FREQUENCY 
TREATMENTS BETWEEN HARVESTED AND UNHARVESTED EUCALYPT 
FORESTS IN SE AUSTRALIA ................................................................................ 77
5.1 Introduction ..................................................................................................... 77
5.2 Methods ............................................................................................................. 80
5.3 Results ............................................................................................................... 86
5.4 Discussion......................................................................................................... 90
6 CARBON CYCLES FOR SE AUSTRALIAN DSF MINERAL SOILS DRIVEN 
BY CLIMATE AND FIRE REGIME VARIABLES: THE STATE OF 
KNOWLEDGE AND FUTURE RESEARCH DIRECTIONS. ............................... 96
6.1 Introduction ..................................................................................................... 96
6.2 Macro-scale implications of fire regime variation for soil C ........... 98
6.3 Climate change scenarios and the likely shift in soil C pools ....... 100
6.4 Implications, future directions and conclusions. ............................. 107
6.5 Future directions ........................................................................................ 110
7 REFERENCES ................................................................................................. 112
8 APPENDICES .................................................................................................. 127
8.1 Appendix A Chapter 3 Study sites ......................................................... 127
8.2 Appendix B Chapter 3 Regressions ....................................................... 128
8.3 Appendix C Chapter 4 Study sites .......................................................... 130
8.4 Appendix D: Chapter 4 Regressions ..................................................... 133
8.5 Appendix E Chapter 4 RPC to total C ratio .......................................... 140
8.6 Appendix F: Chapter 5 Study sites ......................................................... 144


















































































2 Refinement of the KMD analytical technique for recalcitrant 






































3 Fire intensity drives post-fire temporal pattern of soil carbon 




















































































4 Soil Carbon in Australian fire-prone forests determined by climate 



















Eucalyptus Corymbia Angophora 
e.g E. rossi A. costata
















4.2.5.1.1 Relative importance of fire frequency, intensity, region and site characteristics 
on % CTot. 
4.2.5.1.2 Relative importance of fire frequency, intensity, region, site characteristics and 



































5 Impacts on mineral soil C and N from fire frequency treatments 










Eucalyptus consideniana E. sieberi E. 
agglomerate Allocasuarina 
littoralis Daviesia buxifolia Epacris impressa  Acacia terminalis  A. longifolia
Platysace lanceolate Gonocarpus teucrioides Lomandra multiflora
































e.g. Acacia longifolia, A. myrtifolia , A.terminalis, Aotus ericoides, 












6 Carbon cycles for SE Australian DSF mineral soils driven by climate 






































Average landscape soil C stocks (Mg. ha
-1
) 
based on microsite influence. 
Proportion of site occupied by each 
microsite. X Landscape average soil C stock (Mg. ha-1) estimated for each microsite type. 
X Area of ridgetop DSF in each climatic region (ha). 
Total C stock (Mg) in 
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Smooth terms edf Ref.df F p-value 
Table 1b:
Categorical variable Reference category Estimate Std. Error T value Pr(>|t|) 
Table 2:
Table 2a:
Smooth terms edf Ref.df F p-value 
Table 2b:
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